CONTRIBUTIONS FROM THE LABORATORY OF 
VERTEBRATE BIOLOGY 


UNIVERSITY OF MicHiGAN, ANN ARBorR, MICHIGAN 


Number 64 February, 1954 


THE SOIL ARTHROPODS OF A FIELD IN SOUTHERN MICHIGAN: 
A STUDY IN COMMUNITY ECOLOGY 


By NELSON G. HAIRSTON and GEORGE W. BYERS 


Accepted for publication April 7, 1953 


CONTENTS 
inmate dey -. 5, 9 SR ee een ane ee ee ee ee 1 
Meer OULOMtOG MICLO oe fhe cess) eee eerste 8 oo 20) Oe yal He 0. 8 3 
CEA OC os OE gil se ch ge 6 © 0.6 6 9 © © ©. 6 © 6 » 3 
Numerical Abundance of Microarthropods.......+.+..s-+++s-+-eee 4 
Vertical Distribution of Microarthropods inthe Soil .........4+4e6-. 6 
Distriputionsousthe: Fieldmre 2) COWS a i ce ee ee ws 8 
Seasonal Variations in Numbers and Vertical Distribution ........ ey AS 
Relationship Between Numbers of Individuals and of Species .....+.-. 25 
Summary,and Conclusions. . 5 5 3 6 oe 2 8 oo ne ne Oe te ee 34 
SEECeAt ORO 1tC Cmte ron aie) sis) <0) 6 «6-6 6 60 es 0 6 oe 8 8 35 
INTRODUCTION 


PROBLEMS of analyzing a natural community are so great and so nu- 
merous that one would seem foolhardy to attempt their solution. Never- 
theless, the attempt is made worth while by the fact that the natural com- 
munity represents the major framework for a great deal of ecological 
thought. We use grandiose terms and abstract ideas in speaking of major 
communities, biocoenoses, associations, and so forth, and then quietly 
go back to our work on the ecology of a few taxonomically limited species. 
Plant ecologists and limnologists have made the major contributions to 
current ideas concerning communities. The reason is not far to seek. 
The student of the animals of terrestrial communities has no Gray's 
Manual nor Ward and Whipple to orient him taxonomically. As a conse- 
quence, such an ecologist follows one of three approaches: (1) He selects 
a small taxonomic group, becomes proficient in naming the members of 
that group, and works out their ecology in such detail as he can; (2) he 
lumps everything together that he does not recognize; (3) he sends his 
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material to competent taxonomists for identification. The third ap- 
proach would seem to be the best course, except for a few obstacles. 
The taxonomists are imposed upon; there are many groups not covered 
by competent taxonomists; and the amount of time involved is enormous. 
As the result, when the ecologist begins to write up his work he finds 
that for some groups he has specific or even subspecific identifications, 
but for other groups the identifications may be only to genus or other 
higher categories. Unfortunately, ecological importance and taxonomic 
certification may thus eventually have an inverse relationship. 

In the present work we have attempted to cut the Gordian knot of tax- 
onomy by sorting out the kinds of small arthropods that were recovered 
by Tullgren extractions, making no effort to identify them beyond higher 
categories. Below this level they are referred to by letter and number. 
The letter indicates the presumed next lower category; the number re- 
fers to the order in which the kind appeared in the process of counting. 
Thus, mite P1 is the first kind of Parasitoid found; Beetle St3, the third 
kind of Staphylinid, and so forth. The kinds were sorted with extreme 
care, and mounted specimens were used in checking identities. We are 
confident that the kinds recognized were kept consistent. In order to 
provide a basis for reference, specimens of each kind will be deposited 
in the Museum of Zoology of the University of Michigan. This proce- 
dure, although admittedly less desirable than perfect taxonomic identifi- 
cation, we believe to be superior to methods involving the lumping of 
numbers of species. The real question, of course, is whether the kinds 
that we recognize are the equivalents of the true species present. We 
believe that the great majority of them are. It may be argued that con- 
fusion will occur between the young and adults of the same species, but 
over 95 per cent of the individuals counted were either mites or ametab- 
olous insects; the young in these cases are usually similar to the adults. 
Life-history stages have presented no problem serious enough to bias 
the results. It may also be argued that one unfamiliar with specific char- 
acters would not know what to look for in sorting the kinds. This is un- 
doubtedly true in general, but many competent taxonomists are agreed 
that for a restricted locality the problem of sorting is greatly reduced. 
Granting some errors, particularly with metabolous insects and sexually 
dimorphic species, we believe that they are few and unimportant to the 
study as a whole. Throughout the remainder of this paper we shall as- 
sume that the organisms are sorted correctly to species, and we shall 
refer to them accordingly. 
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DESCRIPTION OF THE, FIELD 


The abandoned field upon which these observations were carried out 
is situated on the Edwin S. George Reserve in the southernmost part of 
Livingston County, Michigan. The Reserve has belonged to the Univer- 
sity of Michigan since 1930 and has not been disturbed since that date. 
The field was probably used as pasture prior to its acquisition by the 
University and has apparently not been ploughed for at least 50 years 
(Evans and Cain, 1952). Rectangular, and oriented approximately north 
and south, it contains 14.5 - 15 acres (Fig. 3). The vegetation is prin- 
cipally grass, with a scattering of juniper and hawthorn shrubs. The 
surface is flat, broken in 11 places by shallow depressions, the vegeta- 
tion of which is markedly different, being a dense mat of bluegrass (Poa 
pratensis), with few other herbs. Detailed studies of the vegetation have 
been undertaken, and some of the results have been published (Evans 
and Cain, 1952; Evans, 1952; Cain and Evans, 1952). 

The field is on upland glacial outwash; the soil has been classified as 
sandy loam of the Fox or Bellefontaine series. The major part of the 
sod ends at about 1.5 inches; below this, there is a zone of the same 
dark brown, but of coarser texture, extending to 7.5 - 8 inches. This 
band ends abruptly, giving way to an orange sand containing waterworn 
stones up to 3 inches in diameter, most of them about 1 inch. The orange 
sand gradually becomes darker and extends down to 32-40 inches. It 
gives way to a sandy gravel which is light gray to tan. This is again an 
abrupt change. The gravel goes to at least 48 inches; it is the only layer 
that gives a positive reaction for carbonate. The soil profile in the de- 
pressions differs principally in the greatly increased thickness of the 
different layers. 


METHODS 


In drawing samples from the field, a wide strip around the edge was 
ignored because of the invasion of small oaks from the surrounding for- 
est. Similarly, no samples were taken from beneath the two large hick- 
ory trees that stand isolated on the field. The depressions mentioned 
above were sampled separately and are not included in this report. A 
60-foot trap grid had been set up on the field, and the stakes for these 
traps served as convenient orienting points for locating the soil samples. 
The location of each sample was determined by drawing a number from 
each of three jars, thus assuring a random distribution of samples over 
the field. To help the interested reader locate individual samples on 
the maps (Figs. 3, 5, 6), the details of the method will be given. The 
first drawing was for the trap at the southeast corner of a 60-foot square; 
the second was for a foot-wide strip running east and west within the 
square, starting from its northern boundary; the third was for a single 
square foot within this strip, starting from its western edge. Thus, the 
first sample on Table I, designated as B4-1450, lies in the square defined 
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by trap positions A4, A5, B4, and B5; it is on the 14th foot-wide strip 
south of the line A4 - A5, and is in the 50th square foot east of the line 
A5 - BS. . 

When the square foot to be sampled had been located, the vegetation 
was Clipped flush with the ground. A cylindrical sample 5 inches in di- 
ameter and 8.5 inches deep was taken from the center of the clipped 
area. The sampling device, which we are tempted to call a geotome 
(Schmidt, 1946), consists of a 6-inch length of 5-inch steel pipe, sharp- 
ened at one end and split lengthwise. The two halves are held together 
by means of a removable metal band that fits into a groove machined 
around the pipe. Over the top of the soil sampler is fitted a metal cap 
onto which has been welded a 3-foot length of 1-inch pipe. The cap 
serves to take the blows from a 20-pound weight of the same shape. 

The weight is fitted with a short length of larger pipe, which slides up 
and down over the 1-inch pipe as the weight-is raised and dropped, driv- 
ing the sampler into the ground. With this instrument it is possible to 
take samples from completely frozen soil. After the sampler had been 
driven into the ground, it was dug out, and the two halves were separated 
in such a way that the soil remained in one of them. The sample was 
then divided vertically at 1.5 and 5 inches from the surface, and the sub- 
samples placed in coffee cans for transportation into the laboratory. 
Tullgren extractions were carried out by placing the soil in funnels over 
which were suspended 25-watt light bulbs. A series of 20 funnels ena- 
bled us to extract all subsamples Simultaneously, a procedure that is 
greatly to be preferred to storing part of the samples while others are 
being extracted. 

Two samples were taken each week from September 9, 1949, to Sep- 
tember 2, 1950, with a few exceptions due to weather or scheduling dif- 
ficulties. Thirty-five of the samples, taken at intervals during the en- 
tire year, have been sorted and counted ; the results are given in Table I. 
One of these 35 samples was taken to the full depth of the soil. Three 
Similar samples, the locations of which were arbitrarily selected close 
to the first, have been included with it in Table II. These three have 
been omitted from Table I and from the Statistical aspects of the study 
because their selection was not random. The results from the total of 
38 samples form the basis of this paper. It will be noted (Table I) that 
one of each pair of samples is represented by the animals extracted 
from the vegetation clipped from the square foot sampled, in addition to 
the soil fauna. Our attention has been focused upon the animals from the 
soil, and all of the following observations apply only to them. They are 
all members of the phylum Arthropoda; a few nematodes were obtained, 
but since the extraction method used is unsatisfactory for collecting ne- 
matodes, they have not been included 


NUMERICAL ABUNDANCE OF MIC ROARTHROPODS 


From the 35 randomly collected samples a total of 74,572 organisms 
was counted. As will be shown below, about two-thirds of the extract- 
able arthropods occur within the top 8.5 inches taken for these samples. 
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After making the necessary calculations, we arrived at an estimated 
population of 259,304 per square meter. This figure is astonishingly 
close to the 263,658 per square meter reported for English pasture soil 
by Salt, Hollick, Raw, and Brian (1948). These authors estimated that 
they lost eymigh Specimens to make a total population of 351,480, which 
they said was minimal because of further loss of very small specimens. 
Their samples were taken in November, which is a time of maximal 
abundance of these forms. If the four November samples are consid- 
ered separately, they are found to have an average of 3479 microarthro- 
pods in the top 8.5 inches of soil. This represents a total for all depths 
of 423,290 per square meter, a figure that is more closely comparable 
with that of the authors referred to above. The agreement is the more 
remarkable because of the different extraction methods used: Tullgren 
funnels in our work, and washing through a series of sieves in theirs. 
Such an exact agreement may be spurious because of differences be- 
tween localities and extraction methods, but Macfadyen (1952), using 
Tullgren extractions, reported an annual average of 157,000 mites and 
collembolans per square meter from the top 5 cm. in Molinia tussocks 
in a fen. This figure is even closer to ours and that of Salt and others 
than it appears, as it does not include organisms from deeper levels. 
Macfadyen stated that the number of these varied, but that they made 
up an appreciable fraction of the total, especially in winter. Using his 
figures to make necessary additions, we arrived at estimated popula- 
tions of 111,440 in October, 458,490 in February, and 250,710 in May, 
not including nonoribatoid mites below 5 cm. 

The three areas thus support distinctly comparable numbers of mi- 
croarthropods. All estimates of numbers are considerably higher than 
had been reported previously. This agreement among pastured areas 
in the temperate zone invites comparison with other areas. Comparing 
pastured with forested areas is difficult because there seems to be little 
agreement between studies in forests. Thus, Allee, Emerson, Park, 
Park, and Schmidt (1949) reported 2000-3500 microarthropods per 
square meter of leaf mold in Illinois forest, Pearse (1946) reported an 
average of 18,503 per square meter of leaf mold and 5 inches of soil in 
North Carolina, and Hoffmann, Townes, Swift, and Sailer (1949) reported 
105,044 per square meter in Pennsylvania (litter plus 1 inch of humus). 
Since these represent a 50-fold difference, about all one can say is that 
the estimates are less than comparable figures for pastures in the same 
latitudes, not more, as is stated by Allee and others (1949: 488), although 
it is clear that complete soil samples from forests are needed in order 
to obtain the confidence that repeatability provides. 

Salt (1952) compared the soil faunas of English and tropical African 
pastures and found that soil arthropods are about twice as numerous in 
the former as in the latter. E. C. Williams (1941) reported an average 
of 9,822 organisms per square meter in a Panama rain forest. He col- 
lected only the leaf litter and the "loose soil on the surface." Since 
Pearse found 55-74 per cent of his organisms in this fraction, the two 
figures are comparable, although the similarity may be fortuitous, 
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considering the above-noted range of values quoted for temperate for- 
ests. In any event, the tropical area apparently has the lesser popula- 
tion. These observations contradict the statements in Allee, Emerson, 
Park, Park, and Schmidt (1949: 473, 488) that these animals are more 
numerous in the tropics than in more northern latitudes. Their tenta- 
tive conclusions are based mostly on early work, which was, as Salt 

and his co-workers stated, quite erroneous as to the total population. 
The facts reviewed and presented above are similar to the observations 
reported in Sverdrup, Johnson, and Fleming (1946) that marine plankton 
organisms are more numerous in high than in low latitudes. In spite of 
the difference in abundance, however, the turnover rate may be so much 
higher in the tropics that there is ample compensation for the difference 
in the standing crop, especially in terrestrial situations. 


VERTICAL DISTRIBUTION OF MICROARTHROPODS 
IN THE SOIL 


When this study was planned, it seemed reasonable to suppose that 
for all practical purposes the turf alone need be considered, since pre- 
vious workers were nearly unanimous in their agreement that virtually 
all of the microarthropods are concentrated within a short distance of 
the soil surface. Notable exceptions were Dowdy (1944), who found 
larger invertebrates distributed downward for a considerable depth, 
especially in winter, and Salt, Hollick, Raw, and Brian, who stated that 
large numbers of organisms were collected at depths between 6 and 12 
inches. A study of the soil profile indicated that it would be wise to 
collect to the bottom of the organic soil. The depth of this layer varies 
from 6 to 9 inches over the upland parts of the field. Although on some 
grounds it would have been more reasonable to collect to the bottom of 
the layer wherever it occurred, the decision was made to keep sample 
volumes constant, and a depth of 8.5 inches was used throughout as a 
reasonable approximation of the total organic soil. It soon became ap- 
parent, however, that an appreciable number of the extractable organ- 
isms was in the layer from 5 to 8.5 inches deep. This meant that some 
animals were being missed through too shallow sampling. When the 
layer from 8.5 to 12 inches deep also showed considerable numbers of 
microarthropods, a sample (K3-6010) was undertaken that would include 
the whole soil profile. At a depth between 12 and 36 inches, 4-inch lay- 
ers were separated as subsamples; 3-inch layers were used below 36 
inches. It was found that animals could be extracted from all layers 
above the parent glacial drift. To judge from the four samples taken to 
this depth (Table II), approximately one-third of the soil arthropods 
occur below the standard collecting depth of 8.5 inches (Fig. 1). This 
fact introduces a serious bias into the data for the majority of the sam- 
ples. The bias is alleviated somewhat by two facts. First, no Species 
is confined below the 8.5-inch depth for all four complete samples; sec- 
ond, no species is so distributed vertically that the majority of the 
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Specimens occur below the standard collecting depth at all seasons. 
Only Japygid 1 has a majority of specimens below 8.5 inches in more 
than one of the deep samples. Thus, it seems safe to draw conclusions 
based on the standard samples, with a few modifications indicated by 
the four complete ones (see below under seasonal changes in number 
and distribution). 

Within the top 8.5 inches of soil the great majority of species is most 
numerous in the turf, and they occur in diminishing numbers downward. 
Only 62 of the total 177 species ever show a majority of specimens below 
1.5 inches, and for many of these this represents a downward migration 
in late winter and spring. Only 23 species are truly characteristic of the 
1.5 - 8.5-inch depth throughout most of the year. Nearly all of these 
come to the turf in May or June. 


% OF ALL ORGANISMS FOUND 


1 
F, 
SUR ste 30 
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Fig. 1. Average distribution of 
microarthropods in a vertical tran- 
sect of soil. 


DEPTH (INCHES) 


The finding of appreciable numbers of microarthropods at such depths 
is, as stated above, at variance with nearly all previous investigations. 
The most obvious explanation seems to lie in the physical character of 
the soil, which, because of its sandy nature, offers ample interstitial 
spaces for vertical movements. Pearse (1946) found that these animals 
penetrated deeper and in greater numbers in sandy soil than in clay, 
even though the forest was of the same type in both localities. Data on 
this fauna from grassy fields or meadows are, of course, not comparable 
with data from forests, since in the latter the soil tends to be quite shal- 
low. Thus, the soil fauna of forests is more restricted vertically than 
that of grassy areas. : 

Before seasonal changes in numbers and vertical distribution of the 
soil fauna are discussed, it is necessary to consider the data as they 
pertain to distribution over the field and the meaning of this distribution 
with regard to the organization of the community. 
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DISTRIBUTION ON THE FIELD 


When attempts were made to determine seasonal fluctuations in num- 
bers for the various species, it became apparent that certain samples 
were markedly discrepant if compared with what seemed to be a sea- 
sonal trend. Thus, two samples taken in October gave lower numbers 
for species after species than September or November samples. It was 
also noted that several of the most ubiquitous species were absent from 
these same samples. These observations indicated the possibility that 
we had unwittingly taken samples from different kinds of situations and 
that to include observations from all in the same analysis would be un- 
justifiable. The sites of the different kinds of samples were not obvi- 
ously different in the field, but an examination of the locations of sev- 
eral samples considered aberrant on the foregoing grounds indicated 
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that they were close to the eastern edge of the sampling area or to one 
of the two hickory trees on the field. Our next problem was to deter- 
mine which samples represented chance variations and which fell out- 
side such variations. Although discrepancies from seasonal trends had 
led us to postulate the existence of two kinds of samples, seasonal fluc- 
tuations observed for many species made the presence or absence of 
species more meaningful than numerical discrepancies in locating aber- 
rant samples. The most ubiquitous species, then, should provide a 
stricter criterion than the most numerous ones for distinguishing be- 
tween samples. 

A frequency diagram (Fig. 2) of the species extracted from the soil 
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Fig. 3. Locations of 35 samples in the field and the observed number of occur- 
rences of 25 common species in each. Grid positions are 60 feet apart. 
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shows an increase in numbers of species at high frequencies as com- 
pared with the number of slightly less frequent species, a situation typ- 
ical of results of this kind of analysis. It will be noted that the curve 
begins to turn up at a frequency of about 25 samples and that there are 
25 species, each of which is found in 25 or more of the 35 samples. 
Aside from chance absences, failures of these 25 species to appear in 
any sample should make one suspect that the sample came from a dif- 
ferent kind of situation. Figure 3 is a map of the field giving the loca- 
tion of each sample and the number of species present from among these 
25 which are most ubiquitous. It is obvious that a low number is related 
to the eastern and southern sides of the field and to the two large hickory 
trees standing on it. The line separates samples with 21 or more of the 
25 species from those with 20 or fewer. It is evident, moreover, that 
lines separating the samples at other intervals will be nearly parallel 
to the line shown and also close to it. The line does divide the field into 
two areas; we may now consider the statistical validity of drawing it. 
Among the 35 randomly collected samples there is a total of 111 fail- 
ures of occurrence of one or another of the 25 species. Given this in- 
formation, it is easy to calculate the expected chance distribution of 
absences among samples. The formulae for the successive terms of 
the binomial distribution are: 


Fy = X@SN; F, =F, (N) &4); 


F,= Fig) Gas B= FCS GU ete. 


F is the number of samples expected to have 0, 1, 2, 3, and so forth, 
absences; N is the total number of absences; and X is the number of 
samples. The results are given in Table III and Figure 4, along with 
the observed distributions. The same method could be used for the 764 


TABLE III 


Comparison of Observed and Expected Frequencies of 25 Species 
of ft Mp ron rihrapea in ry eer 2 ded sy sa tao toes 


Species 
Present 


1.44267 


24 4.66746 

6.11013 7.88987 | 62.25005 10.18801 
23 7.48166 3.48166 | 12.12196 1.62022 
22 7.92173 4.92173 | 24.22343 3.05785 
21 6.23250 3.23250 | 10.44906 1.67654 
3.88615 2.11385 4.46836 1.14982 
ee 3.36783 1.63217 2.66398 0.79101 


at 5 chi-square: 18.48345 
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observed occurrences of the 25 species in the 35 samples, but the 
arithmetic would be more cumbersome and would yield only a mirror 
image of the curve obtained; we have thus equated 0 absences with 25 
occurrences, 1 absence with 24 occurrences, and so forth, in Table II. 
There are more samples with all 25 species and more with 20 or fewer 
species than would be expected. When a test by chi-square at the 99 
per cent confidence level is made, the probability that the observed dis- 
tribution depends on chance is less than 0.003. The 99 per cent confi- 
dence limit is obtained by lumping the ends of the "expected" curve 
until the first expected number exceeds 2.0. The statistical test shows 
it to be highly improbable that the 35 samples all belong to the same 
group; the bimodal nature of the "observed" curve in Figure 4 confirms 
the foregoing suggestion that we are dealing with two kinds of samples. 


O---O EXPECTED 


@——® OBSERVED 


Fig. 4. Observed distribution of 
absences of 25 common species 
among 35 samples, compared with 
the expected chance distribution. 


NUMBER OF ABSENCES PER SAMPLE 


NUMBER OF SAMPLES 


If the 24 samples containing 21 or more of the species are consid- 
ered as a group and tested statistically in the same manner, they seem 
to be alike in the occurrences of the 25 species, subject to chance var- 
iations (chi-square is 4.98, with 3 degrees of freedom). The other 11 
samples are distinctly different and must be discarded in considering 
seasonal fluctuations, vertical distribution, and mathematical relations 
between the numbers of species and individuals. 

In spite of initial attempts to avoid the effects of the surrounding for- 
est, the foregoing analysis indicates that we had not done so. The fail- 
ure, however, seems to us to give evidence concerning the delicacy of 
balance of community organization. There is a large area in the center 
of the field where conditions are such that all of the 25 most ubiquitous 
species are extremely likely to occur. This area gives way abruptly to 
a peripheral one (not obviously different to the human observer) where 
conditions are such that five or more of these species are likely to be 
absent. We can envision only one or two factors that could produce this 
sharp division of the field into two areas: the effect of the shadow line 
of the trees at some critical season, or possibly the effect of widely 
spread tree roots in removing something critical from the soil. The 
curious feature is the absence of an obvious floristic division correspond- 
ing to this faunistic division. 


12 HAIRSTON AND BYERS C.L.V.B. 


One point concerning the observed division of the field that will have 
occurred to the critical reader is the effect of seasons upon the numer- 
ical abundance, and hence ultimately upon presence or absence, of these 
25 species. In other words, are the seasons equally well represented 
on both sides of the line drawn in Figure 4, or is there an accidental 
correlation between season and distribution? To answer the question, 
the year was divided into four equal parts between solstices and equi- 
noxes, and the sets of samples inside and outside the line were tested 
against the total distribution by means of chi-square. The results are 
given in Table IV. The seasonal variations in distribution of samples 


TABLE IV 
Comparison of the Proportions by Seasons of Samples 


Otherwise Classified According to the Presence or Absence 
of 25 Species of Soil Arthropods 


| | Number Number 
Total 
Samples Inside | Outside 
Line Line 


(P,) (x) i lexi-BPY? 


Fall 3.1386 
Winter 0.6398 
Spring 4.9658 


Summer 1.5805 
7 * chi-square: 5.3911 
=11/35 0.3143; G@=1- jp d.f.:3 0.1< p<0.2 


TABLE V 


Comparison of the Proportions by Seasons as in Table IV 


Here the seasons are of unequal length and each has approximately 
the same number of samples. 


Sept. 22- 
Nov. 17 
Dec. 15- 
March 18 
March 25- 
May 6 
May 27- 
Sept. 2 


= = hi- 5. 
p and q same as for Table 4 4.f.:3 0.1 eerie Prayer es 
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are not significantly different from chance. Table IV shows the most 
meaningful ecological division of the samples by season. It does con- 
centrate them in fall and spring. Dividing the samples so that each time 
period, regardless of length, gets a nearly equal number does not alter 
the statistical result, as is demonstrated in Table V. 


Fig. 5. Locations of 35 samples 
in the field and the observed number 
of occurrences of 14 less common 
species. 


It thus seems justifiable to conclude that the field is divided rather 
sharply into two distinct areas as far as the 25 most ubiquitous species 
are concerned. What of the less frequent species? To return to Figure 
2, there seems to be no natural division of the remaining 152 species. 
An arbitrary division was made into those found in 14-24 samples and 
those found in 1-13 samples. The number of species present in each 
sample for the two categories is given in Figures 5 and 6. There seems 
to be a general correlation between the number present of the less fre- 
quent species of both categories and the number present of the 25 most 
ubiquitous species. This correlation is weak, however, as is shawn 
when the number of ubiquitous species is plotted against the number of 
all other species (Fig. 7). It seems clear from Figures 5, 6, and 7 that 
there is no sharp division of the field for the 152 species which are not 
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among the 25 most ubiquitous.. Rather, there seems to be a gradual aa 
crease in numbers of species as one approaches the center of the fiel ; 
and even this trend is far from clear-cut. That the field is not divided 
sharply for the 14 species occurring in 14 -24 samples is shown in 
Table VI. The comparison is made in the same manner as that for 


E ee LI Se e Fig. 6. Locations of 35 samples 
zz inf A in the field and the observed number 
F F of occurrences of 138 uncommon 
", Species. 


T 
aa cl, 
rt 
N 
3 2 ' 


Table Ill. The distribution of absences is not significantly different from 
chance. About all one can Say is that a low number of species in the 
most frequent group is always accompanied by a low number of species 
in general. The converse is not true. 

The foregoing facts seem to indicate that as far as 95 per cent of the 
soil fauna is concerned, a large area at the center of the field shows re- 
markable constancy in species composition. The remaining 5 per cent 
of the individuals, making up 86 per cent of the species present, lends 
little if anything to the characterization of the community, as is shown 
by their irregular presence, either as Single species or as groups. The 
tempting conclusion, which remains to be proved, is that this large num- 
ber of species is not really concerned with any community organization, 


and, indeed, the whole group might be considered either accidental or 
transient in occurrence. 
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A wide strip along the eastern and southern margins of the field and 
surrounding the two trees is much less constant in species composition. 
As mentioned above, a shade line at some critical period seems the 
most reasonable explanation of this phenomenon, although it is difficult 
to explain why it should have such a marked effect upon the soil fauna, 
either directly or indirectly. The strip does not appear to be ecotonal 
in nature, as evidenced by its failure to show obvious floristic differ- 
ences from the rest of the field. Moreover, ecotones are generally rich 
in species, not poor, as is the present case. Whatever the explanation 
for the existence of this strip, its clear-cut difference from the center 
of the field precludes the use of the 11 samples taken from it as proper 
representatives of the field community. In succeeding sections of this 


TABLE VI 


Comparison of Observed and Expected Frequencies of Absences 
of 14 Species of Microarthropods in 35 Randomly Collected Samples 


Absences a2/ expected 


0 0.0279853 

1 0.202482 0 

2 0.72953 2 

3 1.74515 0 

2.70515 2 0.70515 0.49724 0.18381 

4 3.11816 4 0.88184 0.77764 0.24939 

4) 4.43879 7 2.56121 6.55980 1.47784 

6 5.24386 3 2.24386 5.03491 0.96015 

7 5.28791 3 2.28791 5.23453 0.98991 

8 4.64638 8 3.35362 11.24677 2.42050 

9 3.61386 0 3.61386 13.05998 3.61386 
10 2.51908 2 0.51908 0.26944 0.10696 
11 or 3.42681 6 2.57319 6.62131 1.93221 
more 


d.f.:8 chi-square: 10.00242 
p approximately 0.24 
Ln 
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paper only the 24 samples from the more homogeneous center of the 
field will be used. The 11 excluded samples have been marked with an 


asterisk in Table I. 


SEASONAL VARIATIONS IN NUMBERS 
AND VERTICAL DISTRIBUTION 


Originally, it was hoped that data on seasonal variations in abundance 
of different species would yield information useful in attacking the prob- 
lem of competition between species and ultimately the more general one 
of maintenance of balance in the community. Viewed from this stand- 
point, the results are disappointing. The variations in space are almost 
as conspicuous as those in time and are at least equally valuable in in- 
terpreting the community. Twenty-three of 40 species for which ade- 
quate data are available show peaks of abundance from November through 


TABLE VII 


Distribution of Maximum and Minimum Numbers 
of Common Species of Microarthropods by Date and Sample 


Fractions in the "minimum" column reflect ties between samples. 
Fifteen species were omitted from this column because of multiple 
ties between samples. 


Date peecies Mii 
Sept. 22, 1949 0. 

Oct. 20, 1949 5 

Nov. 3, 1949 

Nov. 17, 1949 1 

Dec. 15, 1949 


Jan. 5, 1950 


Jan. 19, 1950 
Feb. 18, 1950 
Apr. 8, 1950 
Apr. 15, 1950 
May 6, 1950 
May 27, 1950 


June 10, 1950 
July 15, 1950 


SCOWWDTDOOONYNANNOOHRONOSOUIA ID 


Sept. 2, 1950 


2 
0 
0 
1 
4 
0 
2 
0 
0 
2 
3 
1 
1 
0 
2 
1 
2 
0 
0 
1 
2 
1 
2 
3 


SSSSFSSrFPSORFNOOCOFPFRR OW WwW 
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January (Table VII). The total microarthropod population reflects this 
trend (Fig. 8). The high point in April is due entirely to an exceptional- 
ly high peak in a single species, mite 09. This observation is in agree- 
ment with many studies (Macfadyen, 1952) and indicates that these spe- 
cies can continue to multiply at decreasing temperatures until the ground 
is frozen, or at least that their eggs are able to hatch under these condi- 
tions. Once the soil has been frozen for some time, however, nearly all 
Species decline in numbers through the remainder of the winter and do 


6000 
8000 


4000 


SPECIMENS 


3000 


OF 


2000 


1000 


NUMBER 


DATE 


Fig. 8. Seasonal fluctuations in the total microarthropod population. Solid circles 
represent the 24 samples from the center of the field; open circles represent 11 
samples from the edges of the sampled area. 


not begin to recover until May or June. Minima occur least frequently 
in December, September, and February. October has the highest num- 
ber of species reaching their minimum, followed by April and January. 
The October minimum occurred in marginal samples (for locations of 
samples in Table VI, see Fig. 3). / 
Figures 9 and 10 show examples of species reaching seasonal maxima 
in late fall or early winter. It seems clear that in such cases soil mois- 
ture is of greater importance than temperature as a factor controlling: 
abundance (see Tables VIII and IX). Unfortunately, observations on soil 
moisture were only begun in January, and comparisons are not available 
for the preceding autumn. The general correspondence of moisture with 
abundance of soil arthropods from January through the following autumn 
cannot be denied, especially when it is remembered that the high mois- 
ture contained in the soil in February and March is unavailable because 
it is frozen. This gives the correspondence a false appearance of a time 


lag. 
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NUMBER OF SPECIMENS 


DATE 


Fig. 9. Seasonal fluctuations in numbers of mite P1, showing peak in late fall 
and winter. 
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Fig. 10. Seasonal fluctuations in numbers of collembolan P5, showing peak in 
early winter. 


NUMBER OF SPECIMENS 


DATE 


Fig. 11. Seasonal fluctuations in numbers of mite 09, showing peak in spring. 
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Fig. 12. Seasonal fluctuations in numbers of mite E8, showing peak in spring. 


NUMBER OF SPECIMENS 


DATE 


Fig. 13. Seasonal fluctuations in numbers of mite P5, a species that has no dis- 
cernible peak. 


OF SPECIMENS 
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DATE 


Fig. 14. Seasonal fluctuations in numbers of Protura 1, a species that has no dis- 
cernible peak. 


20 HAIRSTON AND BYERS C.L.V.B: 


Some numerically important species do not show the foregoing pat- 
tern of a fall high and spring low. Mites 09 and E8 (Figs. 11, 12) have 
peaks of abundance in the spring, and several among the 25 most ubiq- 
uitous Species apparently have no particular season of maximum abun- 
dance (Figs. 13, 14). 


NUMBER OF SPECIMENS 


DATE 


Fig. 15. Seasonal fluctuations in numbers of mite 05, showing a continuous rise 
during the year of observation. 


NUMBER OF SPECIMENS 


DATE 
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TABLE VIII 


Soil Temperatures at Two Depths 
All readings Fahrenheit. 


Depth in | September December 


i 


Inches 9 15 22 18 15 22 29 
1.5 63 59.5 64 60 59 66 51 43 51 44 32 32 28 44 33 
8.5 6161" 62 59 58 58 49 46 48 45 36 35 34 43 36 
Frozen Soil 1.5 2.5 
Depth in January February March 
Inches S219 825 TTI L8 525 4 15 25 
1.5 33 32 26 36 32 33 32 31 31 33 36 
8.5 38 34 32 33 33 34 33 33 32 32 33 
Frozen Soil 1-58) 5 4 4 3 3 8 8.58 
Depth in June 
Inches SEIS Ie22029 6 13 20 27 3.10 24 
1.5 44 39.5 49 50 58 61 69 60 61 78 81 
8.5 40 36 42 45 55 56 61 61 62 68 72 


Depth in July August September 
Inches 1815) 225529 2 


1.5 71 78 75 72 87 68 
8.5 66 72 73 68 74 74 67 69 72 68 

Of considerable interest are species that show continuous rise or 
fall over the year (Figs. 15, 16). Whatever the unknown factors that 
control them, such species are less affected by immediate weather 
changes than are those having an identifiable annual cycle in numbers. 
In these cases it is clear that a reasonable understanding of populations 
will come only after studies have continued over a period of years. 

Many species of microarthropods do not remain at the same level in 
the soil throughout the year; this is especially true of those character- 
istic of the layers below the turf. All of these species show a movement 
to the turf in spring and early summer. Figures 17-20 show typical and 
extreme cases of the vertical movement of the bulk of the population. 
Each species shows a downward movement, usually beginning in July, 
that is often more gradual than the upward trend. 

The migration into the turf is probably stimulated by temperature 
changes, since it begins at about the time when the soil temperature gra- 
dient is being reversed. The temperature reversal occurred during the 
last week in March, preceding the observed upward migration by one to 
three weeks (Table VIII). The spring thaw accompanied the temperature 
reversal, of course, and the water thus freed may have been a factor in 
initiating some of the migration. Table VIII shows the occurrence and 
depth of frozen soil. Temperature may also provide the stimulus for the 
return of these species to the deeper levels, although the downward mi- 
gration begins before summer temperature maxima are reached. It 
seems at least as likely, moreover, that the increasing dryness of the 
summer, especially in the turf, is responsible for the descent, but the 
case for soil moisture is not unequivocal, as it drops more or less reg- 
ularly throughout both upward and downward migrations (Table IX). 
Strickland (1947) attributed the annual migration that he found in Trini- 
dad to changes in rainfall and humidity. 

The reason for these migrations is not clear. One more or less 
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automatically expects seasonal migrations to be associated with repro- 
duction, but in the present case there seems to be no relation between 
the presence or absence of vertical migration and the presence or ab- 
sence of any kind of seasonal cycle in numbers. Of 15 species showing 
fall or winter peaks in numbers, seven have an identifiable migration 


PER CENT IN TOP 1% INCHES 


DATE 


Fig. 17. Vertical migration of mite P1 in the soil. 


PER CENT IN TOP 1% INCHES 


DATE 
Fig. 18. Vertical migration of mite 01 in the soil. 


and eight do not; of eight speci i i 

pe ty gat peli i ie pecies having no clear cycle in numbers, four 
For eight species the migration carries enough indivi 

standard collecting depth to create a false ipeeeiaiaeee eae 

abundance. The most striking example of this is Japygid 1. To judge 

from the standard Samples, this species appears to have two peaks a 

abundance, a low one in November and a much higher one in June (Fi 

21). When the figures from the four complete samples are rama 
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Fig. 19. Vertical migration of Protura 2 in the soil. 
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Fig. 20. Vertical migration of collembolan P1 in the soil. 


SPECIMENS 


NUMBER OF 


DATE 


Fig. 21. Seasonal fluctuations in numbers of Japygid 1 in the top 8.5 inches of 
soil. Note two well-defined peaks. 
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TABLE IX 


Soil Moisture at Three Depths, January 25 - September 2, 1950 


(In per cent of wet weight.) 


Depth in February 
Inches 
0-1.5 
1.5 -5 
5 - 8.5 


Depth in 
Inches 
0-1.5 
1.5-5 
5 - 8.5 


Depth in 
Inches 
0-1.5 
1.5-5 
5 - 8.5 


Depth in 
Inches 
0-1.5 
1.5-5 
5 - 8.5 


(Table II) and considered in conjunction with the data on vertical distri- 
bution, an entirely different concept of the seasonal abundance is ob- 
tained (Fig. 22). There is only one peak of abundance, which comes in 
November. The early summer "peak" is apparently due entirely to the 
appearance in the upper five inches of a number of specimens that have 
been below the standard collecting depth and have been missed in all 
samples except the deep ones of November, February, and April. We 
believe that the migrational phenomenon involved here is the explanation 
for the two peaks found for several species by Strenzke (1951) since his 


NUMBER NUMBER 
PRESENT PRESENT 
8 24 8 24 


DEPTH (INCHES) 


DEPTH (INCHES) 
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JAPYGID P-1: VERTICAL DISTRIBUTION 


Fig. 22. Vertical distribution of Japygid 1 in all samples, including 4 deep ones. 
Note effect of vertical movements on apparent abundance in top 8.5 inches. 
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findings are at variance with the results of most other studies (Macfad- 
yen, 1952). Dowdy (1944) has described vertical movements of this sort 
for macroscopic invertebrates, but they were mostly sharp descents in 

January with a quick return to the upper layers. Other similar findings 
are cited by Macfadyen. 


RELATIONSHIP BETWEEN NUMBERS OF INDIVIDUALS 
AND OF SPECIES 


Since the community concept began to take form, there have been at- 
tempts to find some constant numerical relationship between the species 
ina community. Earlier attempts (Raunkiaer and others) centered on 
the frequency of occurrence of various species. More recently, use has 
been made of numerical abundance rather than frequency. These later 
analyses have been based largely upon groups of species that were related 
taxonomically (moths in a light trap, birds in a valley) rather than upon 
Species that might be presumed to be related ecologically. The same 
criticism holds to a certain extent for the present study, as the collect- 
ing technique is worthless for organisms other than microarthropods. 
The animals concerned were removed from known volumes of soil, how- 
ever, and were not drawn in from surrounding and ecologically divergent 
territory. Since they came from the same place, they may be assumed 
to have some ecological relationship to one another (Dice, 1952: 15). 

There can be no doubt of the value of a system that will describe 
mathematically the relationship between the number of species and the 
number of individuals in a natural situation. Two uses of such a system 
may be mentioned: One would be a completely unbiased method for com- 
paring different localities in terms of general biotic composition; the 
other would be that with an adequate (and possible) sample, an accurate 
prediction could be made of the total number of species in a biological 
universe, to borrow Preston's term (1948). Our data lend themselves 
readily to such an analysis. Indeed, we have used a modification of the 
Raunkiaer curve in analyzing the distribution of organisms on the field. 
This curve, however, is generally recognized to be of little value in 
comparing samples of different sizes and does not properly allow for 
Species with strongly clumped distributions. Both the logarithmic series, 
devised by Fisher and Williams, and the lognormal curve, applied by 
Preston, take into account the numerical abundance of each species. The 
results of analyzing our data by these two methods may now be considered.1 


1If the papers of Williams (1953) and Brian (1953) had been available at the time 
of writing, this section of our paper would have taken a different form, but the con- 
clusions would not be altered. Williams concedes that the logarithmic series is 
less useful than the lognormal. Concerning Brian's contention that the form of the 
curve is nearer to the negative binomial than to the lognormal, we agree that this 
is probably true, but the difficulty presented by the nonconformity of samples of dif- 
ferent sizes (Fig. 24) remains. This nonconformity is also evident, though less 
conspicuous, in Williams' chart of light-trap data (loc. cit., p. 23). 
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Logarithmic Series 


Fisher, Corbet, and Williams (1943) presented a mathematical analy- 
sis of data involving a collection of Malayan butterflies, and of Lepidop- 
tera caught in a light trap at Harpenden, England. They found that the 
relation between the number of species and the number of individuals 
could be expressed by the following equation: 


S aloge(1+4) 


In this equation S is the number of species in the sample, N, the number 
of individuals, and alpha is a constant that is most easily obtained from 
Fisher's table (1943). The constant alpha represents an index of diver- 


TABLE X 


The Index of Diversity (Alpha) for Samples*of Three Different Sizes 
Obtained by Lumping Randomly Drawn Pairs, Groups of Five, 
and Groups of Twelve Single Samples 


Date Species Individuals 
in Group in Group 


Alpha 
for Group 


Pair 1 J8- 1142 Jan. 5, '50 

M5-1142 Nov. 3, '49 10.3464 
Pair 2 N2-0310 July 17. '50 

05-2841 Jan. 19, '50 8.584 
Pair 3 K3-6010 Nov. 17, '49 

K3-0335 Sept. 2, '50 8.537 
Pair 4 M5-1142 Nov. 3, '49 

D1-0623 Oct. 20, '49 13.568 
Pair 5 J5-4616 May 27, '50 

K8-2213 Apr. 15, '50 9.659 
Ave. value for 5 pairs 10.139 
Group 1 K8-2213 Apr.-15, '50 

B6-1143 May 6, '50 

N2-0310 July 17, '50 13.424 

M2-1020 Nov. 17, '49 

K3-6010 Nov. 17, '49 
Group 2 K3-6010 Nov. 17, '49 

05-2841 Jan. 19, '50 

K3-0335 Sept. 2, '50 

G8-4853 | Sept. 2, '50 me nis: 

19-4628 May 27, '50 
Ave. value for 2 groups 12.690 
Group 1 (alternate samples, begin- 

ning with B4-1450 in Table 

I; samples marked with 16.0679 

asterisk omitted.) 
Group 2 (alternate samples, begin- 

ning with D3-2515 in Table 30,178 16.5205 


1.) 


Ave. value for 2 groups 16.3621 
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sity; a large value indicates a large number of species in relation to the 
number of individuals and hence a greater diversity in the biota. Per- 
haps the greatest advantage claimed was that the value of alpha remained 
constant for any adequate sample drawn from the same population of spe- 
cies. Thus, the biota (or any comparable parts) from different localities 
could be compared in a convenient objective manner. The value of alpha, 
therefore, was calculated for each of our samples. The values ranged 
from 5.42 to 11.36, with a mean of 7.89. They showed no seasonal trend, 
and although the mean for the 24 samples in the center of the field (see 
above) was higher than for the 11 samples more or less peripheral in 
location, the difference was not significant. When the 24 samples were 
lumped and considered as a single sample, however, the value of alpha 
was 19.315, or more than twice the mean value for individual samples. 
On further analysis it was found that pairs of samples, drawn at random 
from the group of 24, gave an average of 10.139; groups of 5 samples, an 
average of 12.69; and groups of 12, an average value of alpha of 16.36 
(Table X). Thus, for our samples the value of the constant is clearly re- 
lated to the size of the sample. In fact, this relationship is remarkably 
close to a straight line on a log-log plot of alpha against sample size 
(Fig. 23). In view of the claims of Fisher, Corbet, and Williams, this 
finding is unexpected, and only two explanations seem tenable at present: 


LOG OF ALPHA 
} 
e 


° 5 1.0 1.5 2,0 
LOG OF NUMBER OF SAMPLES 


Fig. 23. Relation between the index of diversity and sample size. 


(1) The community being sampled is found to be increasingly heteroge- 
neous as larger and larger samples are drawn from it, that is, new spe- 
cies are added relatively faster than new individuals; (2) the formula 
employed does not properly express the relationship in question. Since 
the 24 samples used were deliberately selected for uniformity of species 
composition, the second alternative seems the more likely. In an effort 
to obtain further evidence, the following analyses were performed: 

1. The two pairs of samples taken closest together in both space and 
time were selected as the pairs most likely to show the greatest uniform- 
ity of faunal composition. Accordingly, if the fact that increasing the 
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number of samples raises alpha is a reflection of the increasing dis- 
tance between samples in space and time, these two pairs should give 
lower values of alpha than pairs selected at random. Such, however, 
is not the case. Two samples taken August 12 and September 2, 1950, 
on the same 60-foot square (K3) gave a value of 10.61 when lumped to- 
gether, and a pair taken November 3, 1949, on adjacent squares L4 and 
M5 gave a value of 13.12 when combined. These two values of alpha 
are above the average for randomly combined pairs, although both are 
within the total variation of such pairs (Table X). The hypothesis that 
the field shows more and more heterogeneity with increasing sampling 
is not confirmed by the foregoing observation. 

2. A second approach toward more homogeneous material was to con- 
sider only the species characteristic of the soil below the turf in the 24 
samples. The turf constitutes a barrier against any stray individuals 
from other communities. One might thus be reasonably certain that 
practically all organisms collected below this stratum would be true 
constituents of the field community. An increase in the size of the sam- 
ple should not affect the relationship between numbers and individuals 
as long as the samples are drawn from the central part of the field. If 
the logarithmic series were a true approximation of the relationship 
between species and individuals, the value of alpha should be the same 
for large and small samples. The values for this constant are lower for 
the soil below the turf than for the total soil, since few species occur 
below 1.5 inches, and these occur in large numbers. The average sam- 
ple gave an alpha of 2.82; the 24 samples lumped gave an alpha of 3.87. 
The difference between these two figures is greater than it should be, 
since for samples of this size the error of alpha should be between 5 
and 10 per cent (Fisher, Corbet, and Williams, 1943). Again, the index 
of diversity is directly related to sample size, and we reject the hypoth- 
esis that the relationship is due to increasing heterogeneity. 

It is worth noting that these comments were written prior to the pub- 
lication of the analysis of Myers and Chapman (1953), who found that the 
logarithmic series had no practical application to the plant community 
that they studied. 


Lognormal Distribution 


In discussing the logarithmic series Preston (1948) pointed out that 
this method assumes that the lowest category (the number of species 
represented by one individual) is the most numerous regardless of sam- 
ple size. Carried to its extreme, with the world biota asa sample, this 
assumption is of course preposterous. There must be relatively few 
Species so close to extinction. Ona smaller basis it remains a possi- 
bility, as strays may make up a sizable fraction of the species present 
in many Samples. We agree with Preston, however, that in a biological 
universe extremely rare species are probably comparable in numbers 
to the extremely abundant ones and that most species are intermediate 
' In numerical representation. Preston concluded that the relations are 
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adequately described by a Gaussian curve, when the ordinate is ona 
scale of log2. Thus, doubling the sample size moves the curve one unit 
to the right and reveals a larger fraction of the same curve. The for- 
mula for this curve is: 


S =Se -(ar)" 
r O 
So is the number of species at the mode of the curve (maximum number 
of species represented numerically between any successive powers of 2); 
these spans of numbers between successive powers of 2, the units on the 
ordinate, are called octaves. Thus, So is the number of species in the 
modal octave; Sy is the number of species r octaves from the mode; e 
is the base of natural logarithms; a is a constant. After applying this 
formula tq a number of biological universes, Preston concluded that the 
constant a is nearly always close to 0.2 and that the mode of the curve 
usually falls within a few octaves of 25 individuals for relatively com- 
plete data. 

The application of this type of analysis demands very large samples, 
Since the height of the mode is determinable only by observation, and at 
least one octave below the modal octave must be observed before the 
mode can be located with any confidence. In our data only the organisms 
below the turf yielded a sufficiently large number of individuals in rela- 
tion to the number of species. Upon plotting the total number of organ- 
isms below 1.5 inches (Fig. 24), we find a reasonably good fit with the 
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Fig. 24. Application of the lognormal curve to the total population below 155 
inches in 24 samples and to the average of these samples. 


lognormal curve for So= 4; a =0.16. According to expectations, then, 
the average sample would follow the same curve, starting 4.5 octaves 

to the right of the total curve, since the average represents 1/24 of the 
number of individuals of the total. That such is not the case can be seen 
in Figure 24. Again, a reasonable fit toa lognormal curve exists, but 
the two curves do not coincide. It should be emphasized that an increase 
in sample size moves the mode of the curve up and to the left. Since the 
area under the curve represents the number of species present, it is 
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clear that increasing the sample size has increased the apparent het- 
erogeneity of the field. The lognormal curve, then, also fails to de- 
scribe the relation between individuals and species for samples of dif- 
ferent sizes. This is the test that any mathematical system must pass, 
if it is to be useful to ecologists, and no such system is forthcoming as 
yet. A little reflection will suffice to show why the devising of sucha 
system is likely to be unrewarding. In all of these mathematical sys- 
tems it is assumed that one curve will describe the cumulative distri- 
butions of individual species, a situation that could obtain only if all of 
the species involved had the same kind of distribution. Individuals of 
different species are not distributed in the same manner in space. To 
take extreme examples, ants have a strongly "clumped" distribution, 
while many birds, because of their territoriality, have a nearly even 
distribution within suitable habitats. To add the two distributions is not 
valid, although doubtless some sort of curve could be drawn that would 
describe the situation mathematically. 

We may now consider why an increase in sample size apparently in- 
creases the heterogeneity of a biological universe, even within the same 
universe. If, in general, the most numerous species are those witha 
more or less random distribution, or if they are sufficiently numerous 
that any clumping does not result in their absence from a large number 
of samples, then an increase in the number of samples will not have any 
effect upon a curve describing their distribution. With rarer species, 
however, clumping becomes an important factor as the curve expands. 
If the rare species are strongly clumped, adding samples will be more 
likely to add new species rather than individuals of species already re- 
corded. With the total number of individuals increasing at an approxi- 
mately even rate, the fauna will appear to become more diversified be- 
cause of this effect of the clumping of rare species. It is easy, though 
somewhat tedious, to estimate the degree of clumping for reasonably 
abundant species (those occurring in more than half of the samples). It 
is most conveniently done by applying the negative binomial distribution 
(Anscombe, 1949). The value of the constant k decreases as the degree 
of clumping increases and in the logarithmic series assumes a value of 
0. As an example of the application of the negative binomial in a species 
that shows neither random distribution nor extreme clumping, Protura 
2 has been selected. In this case k has a value of 0.915. Comparing the 
theoretical with the observed distribution (Table XI), we find a satisfac- 
tory agreement; chi-square is 4.79 with 6 degrees of freedom at the 95 
per cent confidence limit. Unfortunately, the value of k cannot be esti- 
mated with any reasonable confidence for the rare species, and hence 
no comparison can be drawn with more abundant ones. It can, however, 
be demonstrated that many of these rare species are clumped and with- 
out recourse to complex statistical manipulations. Of the 38 species 
represented by a total of 2, 3, 4, or 5 specimens each, 13 (slightly over 
2 poemnar a have the most strongly clumped distribution possible, with 
scieemo ete om rie oe out of 24 (Table XII). In addition, the table 
a rn n half of the species have the most probable distri- 

’ on an assumption of randomness. Although only the species 


No. 64 SOIL ARTHROPODS OF A FIELD IN MICHIGAN 31 


TABLE XI 


Application of the Negative Binomial Distribution 
to the Observed Distribution of a Species 
of Protura in 24 Soil Samples 


Observed Samples | Expected Samples 


Difference Squared 
Expected Samples 


Number per Sample 
0.00189 
0.1293 

0.11798 
2.79347 
0.30932 
1.2516 

0.18976 
chi-square: 4.79152 


plus 


d.f.:6 


represented by a total of 2-5 specimens are included in Table XII, a 
perusal of Table I will serve to confirm the marked clumping of the in- 
frequent species. Of course, nothing can be said of the 45 species rep- 
resented by one specimen each. 

We consider that the foregoing facts adequately support our hypothe- 
sis that the less common species are sufficiently clumped to give the 
impression of an increasing heterogeneity with increasing sample size, 
when all species are treated on a single distribution curve. 

The easiest curve of this sort to understand is the "species-area"' 
curve, widely used by plant ecologists. Applied on an arithmetical 
scale, this curve appears to be approaching an asymptote at about 38-40 
species for soil arthropods below the turf (Fig. 25). Ona scale using 
logarithms of the sample size, the relationship is apparently a straight 
line, with no hint of a bend at either end (Fig. 26). An extrapolation 
downward predicts a sample containing no species at a size between 
1/16 and 1/32 of the standard sample, but the minimum number of 
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Fig. 25. Species-area curve for soil arthropods below 1.5 inches. 
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individuals below the turf in any of the 24 samples is 152, and the mean 
number is 1333.5. Thus, the most probable size of a sample that would 
be expected to be negative could hardly be larger than 1/152 - 1/1300 

of the standard, and therefore the curve must bend to the left at its lower 
end, as suggested in Figure 26. 

Must it also bend to the right to give an upper asymptote, as Preston 
states? Only observation can answer the question, of course, but logic 
suggests that the curve should flatten before the limit of the community 
is reached. In any case, the point of its bend must be found, or the en- 
tire community must be counted before one can devise a satisfactory 
mathematical system to describe the relationship between the number 
of species and of individuals. In the case of the community under con- 
sideration, a search for the upper asymptote seems impractical. Per- 
haps less complex communities could be found in which such an approach 
would be feasible. If so, this would be a fruitful field for investigation. 


40 


——— LINEAR EXTRAPOLATION 


------- MORE PROBABLE EXTRAPOLATION 


AVERAGE NUMBER OF SPECIES 


SAMPLE SIZE 


Fig. 26. Species-area curve for soil arthropods below 1.5 inches, with the ordi- 
nate in logarithms of sample size. Two theoretical extrapolations. 


It is not surprising that the less common species should be clumped 
in any natural community. The very fact of their rarity suggests that 
conditions are not suitable for them everywhere in the community, either 
in space or in time. In a randomly drawn set of small samples it is not 
unreasonable to suppose that suitable conditions for such a species would 
be encountered infrequently, or not at all. Moreover, different samples 
would be likely to contain suitable conditions for different rare species. 
On this view, the more abundant species would be those finding conditions 
more or less favorable over much or all of the community or of a partic- 
ular stratum. This supposition regarding the difference in status between 
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common and rare species is confirmed in the present study in the dis- 
tribution of the 25 most ubiquitous species, where absences of different 
species are correlated, indicating a major change in over-all conditions 
in the soil. 


SUMMARY AND CONCLUSIONS 


As an approach to the complex problem of analyzing a natural com- 
munity, the small arthropods of the soil of an abandoned field were 
sampled over a period of one year. Admittedly a small segment of the 
community, they nevertheless provided ample complexity, as attested 
by the fact that 74,572 were counted from 35 soil samples. This rather 
staggering total contains 177 kinds, not taxonomically identified, but as- 
sumed to be equatable with species. The individuals are distributed 
among the species in such a fashion that the 25 species found in 25 or 
more samples account for 95 per cent of the specimens. There is evi- 
dence that these 25 species may form an ecologically closely interre- 
lated group. For any sample there is a strong tendency for all or nearly 
all to be present, or for five or more to be absent. The samples with 
the complete set of 25 species occupy the center of the field; those lack- 
ing five or more are related to the sides of the field and to the two large 
hickory trees on it. We consider that the peripheral area, which is not 
obviously different from the center, has conditions sufficiently different 
to upset the ecological relationships among these 25 species and to pre- 
clude the use of the 11 samples taken from it. The larger central area 
is evidently more homogeneous as far as 95 per cent of the microarthro- 
pods are concerned. 

Within the central area, the microarthropods are most abundant in 
the turf but occur as deep as 39-42 inches in the soil. Seasonal maxima 
occur typically in late fall or early winter, with minima in April, al- 
though there are exceptions. Many species have a vertical migration, 
the bulk of the population moving upwards in April or May and descend- 
ing in July or August. Moisture and temperature are interrelated with 
both fluctuations in numbers and vertical movements. 

The uniformity of the center of the field for the relatively few ubiq- 
uitous and common species is emphasized in a consideration of mathe- 
matical analysis of the relationships between species and individuals. 
Because results of these analyses are all related to sample size, none 
is of value in interpreting the community. The reason for their failure 
is illuminating, however. The clumping of the rare Species causes each 
system tc reveal an increasingly heterogeneous community as sample 
Size is enlarged, or as new samples are added. This is because new 
Species are more likely to be added than more specimens of species al- 
ready found. Thus, the mathematical models fail to represent the com- 
munity accurately, but the clumping of the rare Species shows that the 
community is far from uniform for them. 

Once again, then, there emerges a clear difference between the 


No. 64 SOIL ARTHROPODS OF A FIELD IN MICHIGAN 35 


common species and the rare ones. The former, by their ubiquity and 
abundance, characterize the community and give it a fundamental unity 
that is obscured by the large number of rare Species, each of which may 
find suitable conditions in only a few restricted places in the community. 
The less common species of microarthropods, then, would be quite sim- 
ilar to the less common species of plants, which are also clumped in 
distribution and which, because they are conspicuous, have attracted 
considerable attention to the "mosaic" nature of the community (Evans 
and Cain, 1952). We agree with most other workers that the rare spe- 
cies have little to do with community organization, being insignificant 
numerically, whereas the relatively few ubiquitous species give the com- 
munity its characterization and are essentially responsible for its bio- 
logical activity. 
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